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including a circuit pattern area, and an outside area positioned
outside the circuit pattern area includes a substrate, a low-
reflectivity layer provided in both the circuit pattern area, and
the outside area, formed on the substrate, including at least a
conductive layer, and comprising a first reflectivity for deep
ultraviolet light, a multilayer reflection layer provided in the
circuit pattern area, and formed on the low-reflectivity layer,
and a light-absorber provided in the circuit pattern area,
formed on the multilayer reflection layer, including a circuit
pattern, and comprising a second reflectivity for deep ultra-
violet light. The first reflectivity is lower than or equal to the
second reflectivity.
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1
LIGHT-REFLECTIVE PHOTOMASK AND
MASK BLANK FOR EUV EXPOSURE, AND
MANUFACTURING METHOD OF
SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit of
priority from Japanese Patent Application No. 2013-039952,
filed Feb. 28, 2013, the entire contents of which are incorpo-
rated herein by reference.

FIELD

Embodiments described herein relate generally to a light-
reflective photomask and the like for EUV exposure.

BACKGROUND

A tight-reflective photomask utilizing extreme ultraviolet
(EUV) light having a wavelength of about 13.5 nm is pro-
posed as a lithographic technique contrived to deal with min-
iaturization of semiconductor devices. A light-reflective pho-
tomask for EUV exposure normally includes a multilayer
reflection layer formed on a glass substrate, and light-ab-
sorber formed on the multilayer reflection layer.

In the above-mentioned light-reflective photomask, a phe-
nomenon called a shadowing effect becomes a problem. That
is, in lithography using a light-reflective photomask, expo-
sure light (EUV light) is made incident on the photomask
from a direction deviated from the vertical direction. For this
reason, a shadow is created by a convex part of a circuit
pattern formed on the light-absorber. Such a phenomenon is
the shadowing effect. This shadowing effect can be prevented
from occurring by reducing the thickness of the light-ab-
sorber. However, when the thickness of the light-absorber is
reduced, the light-absorbing characteristic of the light-ab-
sorber is lowered, and the reflectivity of the light-absorber is
increased. As a result, a problem that reflected light from the
light-absorber affects the adjacent area to thereby adversely
affect lithography is caused.

Regarding a solution of such a problem, a way of securing
the low reflectivity by removing the light-absorber and mul-
tilayer reflection layer of the area outside the circuit pattern
area is conceivable.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view schematically showing the
configuration of a mask blank according to an embodiment.

FIG. 2 is a cross-sectional view schematically showing the
configuration of a photomask according to the embodiment.

FIG. 3 is a plan view schematically showing each of areas
on a semiconductor wafer obtained when pattern transfer is
carried out by using the photomask according to the embodi-
ment.

FIG. 4 is a view showing the reflectivity for BUY lightina
light shielding area with respect to each of the photomask of
the embodiment and photomask of a comparative example.

FIG. 5 is a view showing the reflectivity for deep ultraviolet
light in a light shielding area with respect to each of the
photomask of the embodiment and photomask of the com-
parative example.

FIG. 6 is a view showing the relationship between a dis-
tance from an edge of a circuit pattern area, and resist C with
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respect to each of the photomask of the embodiment and
photomask of the comparative example.

FIG. 7 is a flowchart showing a manufacturing method of a
semiconductor device according to the embodiment.

DETAILED DESCRIPTION

In general, according to one embodiment, a light-reflective
photomask for EUV exposure including a circuit pattern area,
and an outside area positioned outside the circuit pattern area
comprises: a substrate; a low-reflectivity layer provided in
both the circuit pattern area, and the outside area, formed on
the substrate, including at least a conductive layer, and com-
prising a first reflectivity for deep ultraviolet light; a multi-
layer reflection layer provided in the circuit pattern area, and
formed on the low-reflectivity layer; and a light-absorber
provided in the circuit pattern area, formed on the multilayer
reflection layer, including a circuit pattern, and comprising a
second reflectivity for deep ultraviolet light, wherein the first;
reflectivity is lower than or equal to the second reflectivity.

Hereinafter, an embodiment will be described with refer-
ence to the drawings.

FIG. 1 is a cross-sectional view schematically showing the
configuration of a mask blank according to the embodiment.
This mask blank is used for a light reflective photomask for
EUV exposure.

As a substrate 10 of the mask blank, a glass substrate a
thermal expansion coefficient of which is extremely small is
used.

On the substrate 10, a low-reflectivity layer 20 is formed.
This low-reflectivity layer 20 has a low reflectivity with
respect to extreme ultraviolet (EUV) light, and deep ultravio-
let (DUV) light. Further, the low-reflectivity layer 20 is
formed of a laminated film including a conductive layer. More
specifically, a conductive layer is formed on the substrate 10
as a lower layer film 21, and oxide film is formed on the lower
layer film 21 as an upper layer film 22. For example, a tanta-
lum nitride film (TaN film) is used as the lower layer film 21,
and tantalum oxide film (TaO film) is used as the upper layer
film 22.

A multilayer reflection layer 30 is formed on the low-
reflectivity layer 20. This multilayer reflection layer 30 is
formed by alternately laminating molybdenum (Mo) and sili-
con (Si), and reflects EUV light used as exposure light. Each
of'the numbers of layers of molybdenum and silicon is about
forty, and silicon is formed in the uppermost layer. This
multilayer reflection layer 30 is formed by, for example,
sputtering.

A capping layer 40 is formed on the multilayer reflection
layer 30. As the capping layer 40, for example, a ruthenium
film (Ru film) is used.

A light-absorber 50 is formed on the capping layer 40. As
the light-absorber 50, a laminated film constituted of a tanta-
Ium nitride film (TaN film) 51, and tantalum oxide film (TaO
film) 52 formed on the TaN film 51 is used. The TaN film Si
functions mainly as an absorbing layer for EUV light. The
TaO film 52 functions mainly as an antireflection layer for
inspection light (light of a wavelength of, for example, about
250 nm). The light-absorber 50 has a comparatively small
thickness in order to prevent the shadowing effect from occur-
ring. Accordingly, the light-absorber 50 reflects EUV light to
a certain extent. Further, the mask blank of this embodiment
is applied to a light-reflective photomask provided with a
phase shifting function. For this purpose, the thickness of the
light-absorber 50 is adjusted in such a manner that a phase
difference of 180° is created between a phase of the exposure
light (EUV light) reflected from the multilayer reflection
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layer 30, and phase of the exposure light (EUV light) reflected
from the light-absorber 50. Further, the light-reflective pho-
tomask is used as a phase shifting mask, and hence the light-
absorber 50 reflects, for example, about 1 to 10% of EUV
light.

The reflectivity of the low-reflectivity layer 20 for EUV
light incident thereon is lower than that of the light-absorber
50 formed on the multilayer reflection layer 30. The low-
reflectivity layer 20 has a first reflectivity for deep ultraviolet
light, further, the light-absorber 50 has a second reflectivity
for deep ultraviolet light, and the first reflectivity is lower than
or equal to the second reflectivity. That is, the light quantity of
the reflected light of deep ultraviolet light from the surface of
the low-reflectivity layer 20 per unit area is smaller than or
equal to the light quantity of the reflected light of deep ultra-
violet light from the surface of the light-absorber 50 per unit
area. It should be noted that the wavelength range of deep
ultraviolet light is generally about 130 nm to 320 nm.

On the backside of the substrate 10, for example, a CrN
film is formed as a conducting film 60 to be used as an
electrostatic chuck.

FIG. 2 is a cross-sectional view schematically showing the
configuration of a light-reflective photomask for EUV expo-
sure according to the embodiment. The photomask shown in
FIG. 2 is manufactured from the mask blank shown in FIG. 1.

The photomask shown in FIG. 2 includes a circuit pattern
area 70, and outside area 80 positioned outside the circuit
pattern area 70. More specifically, the outside area 80 sur-
rounds the circuit pattern area 70. It should be noted that the
outside area 80 is normally called a light shielding area or a
light shielding frame area. Accordingly, in the following
description, the outside area 80 is called a light shielding area
or a light shielding frame area in some cases.

Hereinafter, the configuration of the light reflective photo-
mask shown in FIG. 2 will be describe.

On the substrate (glass substrate) 10, the low-reflectivity
layer 20 is formed. This low-reflectivity layer 20 is formed in
both the circuit pattern area 70 and light shielding area 80.

The multilayer reflection layer 30 is formed on the low-
reflectivity layer 20, capping layer 40 is formed on the mul-
tilayer reflection layer 30, and light-absorber 50 is formed on
the capping layer 40. The multilayer reflection layer 30, cap-
ping layer 40, and light-absorber 50 are formed in the circuit
pattern area 70, and are not formed in the light shielding area
80. Further, in the light-absorber 50, a circuit pattern is
formed.

On the backside of the substrate 10, the conducting film 60
to be used an electrostatic chuck is formed.

Hereinafter, a manufacturing method of the light-reflective
photomask shown in FIG. 2 will be described.

First, the mask blank shown in FIG. 1 is prepared, and a
resist layer is formed on the principal surface (i.e., on the
light-absorber 50) of the mask blank. Subsequently, a circuit
pattern is written on the resist layer by using an electron beam.
Subsequently, development of the resist layer is carried out to
thereby form a resist pattern. Furthermore, the light-absorber
50 is etched by plasma etching by using the resist pattern as a
mask. Thereafter, a circuit pattern is obtained by carrying out
a defect inspection process, and defect correction process.

Afterthe circuit pattern is formed, a resist pattern including
an opening pattern is formed in the area in which the light
shielding area 80 is to be formed. The light-absorber 50,
capping layer 40, and multilayer reflection layer 30 are etched
by using this resist pattern as a mask. As a result, in the light
shielding area 80, the light-absorber 50, capping layer 40, and
multilayer reflection layer 30 are removed, and the low-re-
flectivity layer 20 is exposed.
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In the manner described above, the light-reflective photo-
mask shown in FIG. 2 is obtained.

FIG. 3 is a plan view schematically showing each of areas
on a semiconductor wafer obtained when pattern transfer is
carried out by using the photomask of FIG. 2. In FIG. 3, a state
on the semiconductor wafer where nine shots of pattern trans-
fer of the photomask shown in FIG. 2 are carried out is shown.
Each of areas 71 and 81 in FIG. 3 corresponds to each of the
areas 70 and 80 in FIG. 2, respectively.

As described above, in the photomask and mask blank
according to this embodiment, the reflectivity of the low-
reflectivity layer 20 for deep ultraviolet light is lower than or
equal to the reflectivity of the light-absorber 50 for deep
ultraviolet light. As described above, in this embodiment, the
reflectivity of the low-reflectivity layer 20 for deep ultraviolet
light is low, and hence the reflectivity for deep ultraviolet light
becomes low in the light shielding area 80 in which the
low-reflectivity layer 20 is exposed. As a result, it is possible
to prevent deep ultraviolet light reflected from the light
shielding area 80 from adversely affecting the adjacent circuit
pattern area 71 on the semiconductor wafer. Hereinafter, a
description will be added to this point.

When EUV exposure is to be carried out, deep ultraviolet
light is also generated from the EUV light source in addition
to the EUV light. Further, when the circuit pattern area 70 is
subjected to exposure, the light shielding area 80 adjacent
thereto is also irradiated with the exposure light. Heretofore,
although the EUV light reflectivity in the light shielding area
80 might have been taken into consideration, the reflectivity
for deep ultraviolet light has not been taken into consider-
ation. Accordingly, there has been the possibility of deep
ultraviolet light elected from the light shielding area 80
adversely affecting the circuit pattern area 71 adjacent to the
area 80 on the semiconductor wafer to thereby make it impos-
sible to carry out appropriate exposure.

In this embodiment, the reflectivity of the low reflectivity
layer 20 is low not only for EUV light but also so for deep
ultraviolet light. Therefore, it is possible to prevent the
reflected light from the light shielding area 80 from adversely
affecting the circuit pattern area 71 adjacent to the area 80 not
only for EUV light but also for deep ultraviolet light. Conse-
quently, according to this embodiment, it is possible to carry
out excellent lithography by using a light-reflective photo-
mask including an appropriate low-reflectivity layer.

Further, in this embodiment, as in the conventional case,
the low-reflectivity layer 20 includes at least a conductive
layer. More specifically, the low-reflectivity layer 20 is
formed of a laminated film including a conductive layer.
Accordingly, itis possible to effectively prevent charge-up or
the like from occurring at the time of photomask inspection.

Further, in this embodiment, as in the conventional case, it
is possible to make the thickness of the light-absorber small,
and hence it is possible to prevent the shadowing effect from
occurring. Further, the thickness of the light-absorber can be
made small, and hence it is possible to obtain an excellent
phase shifting mask by creating a phase diftference of 180°
between the phase of the exposure light (EUV light) reflected
from the multilayer reflection layer 30, and phase of the
exposure light (EUV light) reflected from the light-absorber
50.

FIG. 4 is a view showing the reflectivity for EUV lightin a
light shielding area with respect to each of the photomask of
the embodiment and photomask of a comparative example.
FIG. 5 is a view showing the reflectivity for deep ultraviolet
light in a light shielding area with respect to each of the
photomask of the embodiment and photomask of the com-
parative example. In the photomask of this embodiment, the
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light shielding area is constituted of a laminated structure of
a TaN film and TaO film formed on the TaN film, and in the
photomask of the comparative example, the light shielding
area is constituted of a single layer structure of a TaN film.

As shown in FIG. 4, the reflectivity of this embodiment for
EUV light is substantially equal to the reflectivity of the
comparative example for EUV light, and both of them are
low. Conversely, as shown in FIG. 5, the reflectivity of this
embodiment for deep ultraviolet light is greatly lower than the
reflectivity of the comparative example for deep ultraviolet
light.

FIG. 6 is a view showing the relationship between a dis-
tance from an edge (boundary between the circuit pattern area
71 and area 81) of the circuit pattern area 71 of FIG. 3, and
resist CD with respect to each of the photomask of this
embodiment and photomask of the comparative example. In
the photomask of this embodiment, the light shielding area is
constituted of a laminated structure of a TaN film and TaO
film formed on the TaN film, and in the photomask of the
comparative example, the light shielding area is constituted of
a single layer structure of a TaN film.

As can be seen from FIG. 6, in the comparative example,
the resist CD becomes worse near the edge. Conversely, in
this embodiment, deterioration in the resist CD is hardly
found. This can be considered to be attributable to the fact that
in the comparative example, the circuit pattern area 71 adja-
cent to the light shielding area 80 on the semiconductor wafer
is adversely affected by deep ultraviolet light reflected from
the area 80, whereas in this embodiment, such a problem is
prevented from occurring. Accordingly, it is possible to carry
out excellent lithography, and improve the manufacturing
yield by using the mask blank, and photomask of this embodi-
ment.

It should be noted that in the above-mentioned embodi-
ment, although a film including tantalum (Ta) is used as the
low-reflectivity layer 20, the low-reflectivity layer 20 may be
formed of a film including at least one or more elements
selected from tantalum (Ta), silicon (Si), chromium (Cr),
molybdenum (Mo), and ruthenium (Ru). For example, it is
possible to use a conductive layer constituted of the above-
mentioned element or a conductive layer constituted of a film
of'anitride of the above-mentioned element as the lower layer
film 21 of the low-reflectivity layer 20, and use a film of an
oxide of the above-mentioned element as the upper layer film
22 of the low-reflectivity layer 20.

Further, the mask blank and photomask shown in the
above-mentioned embodiment can be applied to a manufac-
turing method of a semiconductor device. FIG. 7 is a flow-
chart showing a manufacturing method of a semiconductor
device.

First, the light-reflective photomask shown in the above-
mentioned embodiment is prepared, and a circuit pattern is
transferred to the photoresist on the semiconductor wafer
(semiconductor substrate) by using the light-reflective pho-
tomask (S11). Next, the photoresist is developed to thereby
form a photoresist pattern (S12) Next, etching is carried out
by using the photoresist pattern as a mask to thereby form a
circuit pattern on the semiconductor wafer (S13).

As described above, it is possible to form an appropriate
circuit pattern on the semiconductor substrate by using the
mask blank and photomask of this embodiment.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
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6

embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

What is claimed is:

1. A light-reflective photomask for EUV exposure includ-
ing a circuit pattern area, and an outside area positioned
outside the circuit pattern area, comprising:

a substrate;

a low-reflectivity layer provided in both the circuit pattern
area, and the outside area, formed on the substrate,
including at least a conductive layer, and comprising a
first reflectivity for deep ultraviolet light;

a multilayer reflection layer provided in the circuit pattern
area, and formed on the low-reflectivity layer; and

alight-absorber provided in the circuit pattern area, formed
on the multilayer reflection layer, including a circuit
pattern, and comprising a second reflectivity for deep
ultraviolet light,

wherein the first reflectivity is lower than or equal to the
second reflectivity.

2. The light-reflective photomask of claim 1, wherein

the low-reflectivity layer is formed of a laminated film
including the conductive layer.

3. The light-reflective photomask of claim 2, wherein

the laminated film is formed of the conductive layer and an
oxide film provided on the conductive layer.

4. The light-reflective photomask of claim 3, wherein

the oxide film includes an oxide of an element included in
the conductive layer.

5. The light-reflective photomask of claim 1, wherein

the low-reflectivity layer includes at least one or more
elements selected from tantalum (Ta), silicon (Si), chro-
mium (Cr), molybdenum (Mo), and ruthenium (Ru).

6. The light-reflective photomask of claim 1, wherein

the outside area surrounds the circuit pattern area.

7. The light-reflective photomask of claim 1, wherein

the light-reflective photomask comprises a phase shifting
function.

8. A manufacturing method of a semiconductor device
comprising a step of transferring a pattern formed on the
light-reflective photomask of claim 1 to a photoresist on a
semiconductor substrate by using EUV light.

9. The light-reflective photomask of claim 1, wherein the
low-reflectivity layer in the outside area has an opening por-
tion thereon, the opening portion exposing the low-reflectiv-
ity layer at a bottom portion thereof.

10. The light-reflective photomask of claim 1, wherein the
outside area adjoins the circuit pattern area, a surface of the
outside area is lower than that of the circuit pattern area, and
the surface of the outside area is the low-reflectivity layer.

11. The light-reflective photomask of claim 1, wherein

a surface of the outside area is the low-reflectivity layer and
adjoins the multilayer reflection layer of the circuit pat-
tern area.

12. A mask blank used for a light-reflective photomask for

EUV exposure comprising:

a substrate;

a low-reflectivity layer formed on the substrate, including
at least a conductive layer, and comprising a first reflec-
tivity for deep ultraviolet light;

a multilayer reflection layer formed on the low-reflectivity
layer; and

a light-absorber formed on the multilayer reflection layer,
and comprising a second reflectivity for deep ultraviolet

light,
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wherein the first reflectivity is lower than or equal to the
second reflectivity.

13. The mask blank of claim 12, wherein

the low-reflectivity layer is formed of a laminated film
including the conductive layer. 5

14. The mask blank of claim 13, wherein

the laminated film is formed of the conductive layer and an
oxide film provided on the conductive layer.

15. The mask blank of claim 14, wherein

the oxide film includes an oxide of an element included in 10
the conductive layer.

16. The mask blank of claim 12, wherein

the low-reflectivity layer includes at least one or more
elements selected from tantalum (Ta), silicon (Si), chro-
mium (Cr), molybdenum (Mo), and ruthenium (Ru). 15

17. The mask blank of claim 12, wherein

the mask blank is used for a light-reflective photomask
comprising a phase shifting function.
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